I. Introduction
Finding effective methods for surveying the general public over the Internet is an important goal for survey research. One method that seems to be showing signs of success uses address-based sampling with different mail contact strategies to deliver a Web survey request to a sample of households. A "Web+mail" design, in which a Web survey request is mailed to households, followed by a mail alternative two weeks later, has been shown to produce response rates of 46-55%, with about 2/3 of the responses coming over the Web (Smyth et al. 2010; Messer & Dillman, 2011) . A mail-only design obtained higher overall response rates of 57-71%, but mailonly and Web+mail respondents were quite similar, indicating some consistency in both designs in terms of nonresponse bias (Messer & Dillman, 2011) .
A potential shortcoming of data collection that depends upon using mail alone or as a supplement to the Web is item nonresponse. Web is generally perceived as a better option for controlling item nonresponse because of multiple design features (e.g. individual page construction, automatic branching from screen questions, etc.) that are typically not feasible in mail questionnaires (Kwak & Radler, 2002) . However, it remains unclear what specific factors might influence item nonresponse for Web and mail surveys. If use of the Web encourages respondents to complete more items in the questionnaire, then there may be a trade-off in the higher response rates obtained by mail and the higher quality data obtained by Web. This would further support the argument that there is value to encouraging greater numbers of households to respond via the Web rather than by mail.
Our purpose in this paper is to compare item nonresponse for three similarly-conducted Web and mail household studies, with a focus on potential sources of item nonresponse, including respondent demographics and question characteristics. Because individuals with quite Determinants of Item Nonresponse to Web and Mail Respondents in Three Address-Based Mixed-Mode Surveys of the General Public SESRC Technical Report 12-001 4 | P a g e different characteristics (e.g. age and education) choose to respond by Web and mail, we ascertain the extent to which differences in demographics vs. mode influence the patterns of item nonresponse. In addition, each of the surveys provides a variety of question types and formats that may also contribute to variations in item nonresponse. From these analyses we draw conclusions about to what extent and in what way differences in item nonresponse should be considered in designing of Web and mail mixed-mode surveys of the general public.
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II. Background
Item nonresponse can be a significant source of error in surveys and is oftentimes higher than unit nonresponse, in which the respondent does not participate in or complete the survey at all (Dillman et al. 2002; Dixon & Tucker 2010) . Item nonresponse occurs when a respondent participates in the survey but does not provide an answer to a question or item, or the answer provided by the respondent is not meaningful or substantive with regards to the question asked (Dillman et. al 2002) . Item nonresponse results in missing data, which diminishes the validity and reliability of the data (Dillman et al. 2002) .
Considerable research suggests that item nonresponse is a significant problem in mail surveys, at least compared to telephone and face-to-face interviewing (de Leeuw 1992; de Leeuw, Hox, & Huisman 2003) . Despite the growing use of Web and mail survey modes, past research comparing item nonresponse between mail/paper questionnaires and Web/online questionnaires has primarily been limited to specific target populations (e.g., students, teachers/faculty, counselors) in which respondents are generally more Internet-literate and use the Internet more frequently compared to the general public (e.g. Brečko & Carstens 2007; Denscombe 2009; Kaplowitz, Hadlock, & Levine 2004; Kiessler & Sproull 1986; Kwak & Radler 2002; Schaefer & Dillman 1998; Wolfe et al. 2009 ).
In theory, item nonresponse can be eliminated from Web surveys by requiring answers to all questions. However, many Institutional Review Boards expect that all answers to survey items be voluntary, and thus all respondents must have the option to skip any item. In the three experiments in this study, we did not require answers or use special text messages 2 to encourage 2 Excludes screen questions. Web respondents who tried to skip a branching item were told: "we need for an answer to be provided to this item so we know which items should be presented next." (Boyer et al. 2002; Kiesler & Sproull 1986; Kwak & Radler 2002) , some found similar rates (Wolfe et al. 2009 ), and others found higher rates for Web surveys than mail surveys (Brečko & Carstens 2007; Manfreda & Vehovar 2002) .
Besides survey mode, a number of other factors may affect item nonresponse rates, including respondent characteristics (e.g. age, gender, income, education, etc.) and question formats and types (Alkaya & Esin 2005; de Leeuw et al. 2003; Dillman et al. 2002) . Each of these sources potentially affect the cognitive effort and capabilities required by respondents, and the more cognitive effort required to answer a question, the more likely a respondent will not provide an answer or will provide an incorrect or invalid answer (Beatty & Herrmann 2002; Tourangeau & Bradburn 2010; Tourangeau, Rips, & Rasinksi 2000) . We are unable to account for variations in the cognitive processes of respondents, but do address trends in item nonresponse by the sources described in more detail below.
Demographic Effects
Past research indicates that different types of people tend to respond to Web and mail surveys (i.e. younger, higher-educated, and more affluent people tend to respond to Web surveys at greater rates than other individuals) (Kaplowitz et. al. 2004; Kwak & Radler 2002; Messer & Dillman 2010; Smyth et al. 2010 al. 2002) . In this study, examining demographic effects on item nonresponse by mode is made more difficult due to the demographic differences between participants who responded by Web and participants who responded by mail when it was offered later (in the Web+mail design).
Thus, it is unclear whether variation in item nonresponse rates is a function of the demographic differences between Web and mail respondents or is a function of differential participation. In line with available research, we expect that older respondents with less education will exhibit higher item nonresponse rates than others, even when controlling for survey mode.
Question Effects
Question properties, including format and type, can influence item nonresponse in Web and mail surveys. Some question formats such as open-ended, screened, and multi-item questions might be relatively more challenging to answer than single, closed-ended questions.
Past research has shown item nonresponse to be higher in the screened questions immediately following a branching question (Messmer and Seymour 1982 (Denscombe 2009 ) and close-ended questions (Kwak & Radler 2002) . We expect that question formats requiring more effort will have higher item nonresponse rates, regardless of mode, and that Web rates will be lower than mail rates.
Second, past research has yet to clearly identify which question types might be more likely to have higher item nonresponse rates. Dillman, Smyth, & Christian (2009) 8 | P a g e to answer since respondents typically know the answers beforehand (Dillman et. al. 2009 ).
Attitudinal questions ask respondents about their attitudes or opinions regarding the subject of the question, such as questions measuring respondent satisfaction. These questions can require very little to very much effort, largely depending on whether or not respondents have alreadyformed attitudes toward the topic and whether they will provide them (Dillman et. al. 2009 ).
Finally, behavioral questions ask respondents to report their behavior regarding the topic of the question, such as questions asking how respondents use the Internet or cell phones. These questions can require much effort to answer, depending on the topic in question and the specificity of the information requested (Dillman et. al. 2009 ).
Limited studies on item nonresponse by question type have produced mixed results, including: lower item nonresponse for low-sensitivity items (Shoemaker et al. 2002) and lower item nonresponse for high-sensitivity items (Wolfe et al. 2009 ). In the surveys used here, we expect questions with high sensitivity and cognitive effort to have higher item nonresponse, regardless of mode. 3 See Smyth et. al. (2009) for additional details regarding Experiment 1 not provided in this manuscript. 4 The original study contains four treatment groups, but only two (i.e. mail+Web and Web+mail) are congruent with the methods used in Experiments 2 & 3 so we excluded the other two. 5 Referred to as "mail preference" by the original authors. Respondents in this group were offered mail first, followed by a Web alternative sent two weeks later. 6 Referred to as "Web preference" by original authors. Respondents in this group were offered Web first, followed by a Web alternative sent two weeks later. Each Experiment lasted about three months and employed four 8 mail contacts; each contact was also addressed to the "Resident" of the city or town in the postal address. Business, seasonal, and vacant addresses were excluded from the sample frame to ensure that sampled addresses were residential households that were also more likely to belong to full-time residents of the region (for Experiment 1) or state (for Experiments 2 and 3). Post Office Boxes that belonged to individuals were included in the sample frame because of the likelihood that most were alternatives for residential delivery.
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7 See Messer & Dillman (2010; 2011) for additional details regarding Experiments 2 & 3 not provided in this manuscript. 8 A fifth contact was used in Experiment 3 (WES) but all respondents obtained after the request was mailed have been dropped to maintain consistency in the number of contacts used in the three studies (see Messer & Dillman, 2011) .
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The three questionnaires used contain many of the same questions on Internet and cell phone use and demographic characteristics. In addition, a unified-mode design strategy (Dillman 2000) was used to construct the paper and Web questionnaires in each experiment to minimize measurement differences. Both modes utilized the same graphical features, including colors, symbols, fonts, pictures, spacing, etc. and the same questions and question order. Questions in the paper survey were presented in stand-alone color boxes to emulate the "single question per page" design used in the Web version. Web respondents could move through the Web survey without providing answers to questions, the same as with a paper questionnaire. In addition, cascading style sheets were used in the Web survey to ensure compatibility across different
Internet browsers. Considerable research shows that Web and paper responses are comparable when similar questionnaire constructions are used (Dillman et al. 2009 ).
Experiment 1 consisted of 1800 randomly selected residential addresses from Lewiston, ID and Clarkston, WA. Experiments 2 and 3 consisted of 5400 and 3900 randomly selected residential addresses in Washington, respectively, and each sample was stratified to include 50% of households from urban counties and 50% from rural counties. In addition, we combined some of the treatment groups in Experiments 2 & 3 for purposes of this analysis. Experiment 2 contained five Web+mail treatment groups, which we combined in to one Web+mail group, as well as one mail-only treatment group and three mail+Web groups. We dropped the Web respondents from the mail+Web groups since there were so few (i.e. less than 3%) and combined these groups with the mail-only group (heretofore referred to as "mail-only"). Experiment 3 contained three Web+mail groups, which we combined into one Web+mail group, and three mail-only groups, which we combined into one mail-only group. This was done after statistical 12 | P a g e analyses resulted in minimal differences in respondent characteristics in each of the respective design groups for each experiment.
Statistical Analyses
Several statistical analyses were conducted with the data to determine the effects of demographic characteristics, question formats and types, and survey modes on item nonresponse rates. Due to questionnaire and population differences among the three Experiments, the LCS, WCS, and WES are considered separately. In addition, post-stratification weights for urbanrural county household population were applied to the WCS and WES data to offset the effects of disproportionately sampling rural county households (Lee & Forthofer, 2006) . Further description of the weighting techniques utilized in this study is included in Messer and Dillman or not the respondent provided any answer on a particular item. Only unanswered items are counted as item nonresponses. Non-substantive (i.e. "don"t know" or "not sure") or incorrect responses are considered to be responses for purposes of these analyses.
The demographic variables used in analyses are: gender (dichotomous, female=1), age (continuous), education (ordinal, high school or less = 0, some college, no degree = 1, 2-, 4-year, 13 | P a g e or graduate/professional degree = 2), and income (nominal, less than $50,000 = 0, $50,000 to less than $100,000 = 1, $100,000 or more = 2, prefer not to say = 3).
The question format variables used in analyses are: open-ended questions, in which respondents are asked to write or enter their responses in a blank answer space, and closed-ended questions, in which respondents are asked to fill in or select the radio button next to their preferred choice. The closed-ended questions are subdivided into different formats: ordinal scale, nominal scale, and multi-item questions. Ordinal scale questions contain answer categories that have a natural order (e.g., "1" to "10", "Very Good" to "Very Poor"), and range from 3 to 8
categories. Nominal scale questions contain answer categories without an order (e.g., marital
status, yes/no), and range from 2 to 7 categories. Although many of the closed-ended questions contained "Don"t Know," "Does not apply," or "Prefer not to say" answer categories, these were not counted in the scale length but were counted as responses for purposes of this analysis.
Multi-item questions asked respondents to provide answers for multiple items in the same question. Items ranged from three to 14, with an average of seven per question across the three Experiments. The surveys also contained screened questions of different formats. In the paper questionnaires, screened questions follow branching questions. For the mail, branching was indicated by an arrow pointing to the next question for those who proceed by branching and, for those who skip to the next question, by bold instructions informing respondents to "Skip to QX" next to the answer category(ies). For the Web, branching was automated so that respondents automatically received the next question, branch or not, by simply answering the previous question.
The question type variables used in analyses are: 1) factual demographic, 2) factual non- 15 | P a g e percent (LCS). The overall item nonresponse rates ranged from 3.6 (LCS) to 8.1 (WES). In each experiment, web obtained the lowest item nonresponse rates, compared to mail-only and the mail follow-up; the latter obtained the highest rate. Table 2 shows that the differences between web and mail follow-up item nonresponse rates are statistically significant across all experiments, with the Bonferroni-Holm correction. For the WCS and WES, the differences between mail follow-up and mail-only item nonresponse rates are also statistically significant.
IV. Results

Item Nonresponse Rates by Mode
Other comparisons (web vs. mail-only and web+mail vs. mail-only) are not significant. 2 N" = Nundeliverables, which are the number of addresses in the sample that were no longer in service and were determined by whether the mailings were returned to the sender; 3 Number varies per respondent depending on branching questions. 4 Weighted data; 5 DNC = did not calculate due to small sample size. Table 3 displays the summary statistics for the demographic variables utilized in the item nonresponse analyses by below. Overall, trends in respondent demographics appear to be mostly consistent across the three experiments. The percentage of female respondents was slightly highest in the mail follow-up group, compared to the Web and mail-only groups. The average age was lowest for Web respondents and highest for mail follow-up respondents. In terms of education, the highest percentage of respondents with a high school degree or less was in the mail follow-up group, followed by the mail-only group, and the Web group. In contrast, the highest percentage of respondents with a 2-or 4-year or graduate/professional degree was in the Web group, followed by the mail-only group, and the mail follow-up group. Similarly, the highest percentage of respondents with an income of less than $50,000 was in the mail follow-up group, followed by the mail group, and the Web group. In contrast, the highest percentage of respondents with an income of $50,000 to less than $100,000 was in the Web group, followed by the mail-only group, and the mail follow-up group. The same trend was also present in the income category of $100,000 or more. Thus, overall, the average mail follow-up respondent is Item nonresponse rates by demographic category, mode, and experiment are shown in Table 4 . Overall, this table demonstrates that item nonresponse rates tend to be highest for mail follow-up respondents, followed by mail-only respondents, and lowest for Web respondents. In terms of the demographic categories, the highest item nonresponse rates tend to occur in the "65 or more age" category, the "high school or less" education category, and the "less than $50,000"
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Demographic Analyses
and "prefer not to say" income categories. There are similar trends in item nonresponse for male and female respondents.
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Three Address-Based Mixed-Mode Surveys of the General Public SESRC Technical Report 12-001 We conducted bivariate and multivariate OLS regression models predicting item nonresponse rates by survey mode and individual demographic characteristics for each experiment. These results are displayed in Table 5 . In Models 1, 3, and 5, we only included survey mode as a predictor of item nonresponse rates. These variables were all statistically significant at the 0.05 level or lower. In Models 2, 4, and 6, we included survey mode and also controlled for demographic characteristics. Using global F-tests, we found these models to all be significant improvements over the models with only survey mode. In Models 2, 4, and 6, survey mode continues to be statistically significant (with one exception), even when controlling for demographic characteristics. Thus, on average, Web respondents tend to have significantly lower item nonresponse rates than mail-only respondents, holding demographics constant. Also, mail follow-up respondents tend to have significantly higher item nonresponse rates than mailonly respondents, controlling for demographic information. In terms of demographics, the trends Notes: *p ≤ .05; **p ≤ .01; ***p ≤ .001; 1 Unstandardized coefficients reported (standard errors in parentheses); 2 Weighted data.
In Table 6 , instead of predicting item nonresponse using survey mode, we analyzed bivariate and multivariate OLS regression models using survey design, again adding in demographic variables in the even-numbered models. These analyses enabled us to evaluate overall differences in data quality between the Web-plus-mail design and the mail-only design.
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Results indicate that survey design is only a significant predictor of item nonresponse in the LCS experiment. As shown in Models 1 and 2, Web-plus-mail respondents have on average significantly lower item nonresponse rates than mail-only respondents. Similar to Table 5 , the models with demographic variables provide a significant improvement over the models with only survey design. Also, both age and education tend to be significant predictors of item nonresponse, in the same directions discussed in the Table 5 analyses. Notes: *p ≤ .05; **p ≤ .01; ***p ≤ .001; 1 Unstandardized coefficients reported (standard errors in parentheses); 2 Weighted data. Table 7 reports the summary statistics for the question variables utilized in the below analyses by survey design and experiment. In terms of question format, the percentage of screened items was slightly higher in the LCS and WES experiments than in the WCS experiment. In contrast, the percentage of items considered part of a multi-item question was Item nonresponse rates by question format and type, mode, and experiment are shown in We conducted bivariate and multivariate OLS regression models predicting item nonresponse rates by survey mode and question characteristics for each experiment. These results are displayed in Table 9 . In Models 1, 3, and 5, we only included survey mode as a predictor of item nonresponse rates. The Web variable was statistically significant for the LCS and WCS experiments and the mail follow-up variable was significant for the WCS experiment.
Question Analyses
In Models 2, 4, and 6, we included survey mode and also controlled for question characteristics.
Using global F-tests, we found these models to all be significant improvements over the models with only survey design.
In these models, survey mode was statistically significant (with one exception), even when controlling for question characteristics. On average, Web respondents tend to have significantly lower item nonresponse rates than mail-only respondents, holding question information constant. Also, mail follow-up respondents tend to have significantly higher item nonresponse rates than mail-only respondents, controlling for other variables. In terms of In Table 10 , instead of predicting item nonresponse using survey mode, we analyzed bivariate and multivariate OLS regression models using survey design, again adding in question characteristic variables in the even-numbered models. Results indicate that survey design is not 24 | P a g e a significant predictor of item nonresponse in any of the three experiments. Similar to Table 9 , the models with question characteristic variables provide a significant improvement over the models with only survey design. Also, screened, multi-item, and other factual questions remain significant predictors of item nonresponse, in the same directions discussed in the Table 9 analyses. 
V. Conclusions
Past research shows that mail-only designs tend to obtain higher unit response rates than Web designs and are more representative of the general population. However, there appears to be a tradeoff in using Web and mail modes. Web designs tend to obtain higher quality data, or lower item nonresponse rates, from those who respond, while mail designs tend to elicit more respondents overall but obtain lower overall data quality from these respondents. Recent studies on mixed-mode methods have shown that researchers can use a "Web-plus-mail" design to persuade the majority of participating households to respond via the Web in general public household surveys, while achieving as demographically representative a sample as the mail-only design (Messer & Dillman, 2011) .
Results from two similarly designed and implemented statewide general public household surveys in the northwestern region of the U.S. (WCS and WES) show that the Web-plus-mail design does not produce significantly different item nonresponse rates than the mail-only design, even when controlling for demographic characteristics of respondents or survey question characteristics. Results from a regional general public household survey in the northwestern region (LCS) also demonstrate that the Web-plus-mail design produces significantly lower item nonresponse rates than the mail-only design, even when controlling for demographic characteristics of respondents. However, this difference is no longer statistically significant when survey question characteristics are held constant.
Although we analyzed demographic characteristics and question characteristics separately, we found that both are significant sources of item nonresponse variation. For example, across all surveys, age was a significant predictor of item nonresponse, where higher ages were associated with higher item nonresponse rates, holding either mode (mail-only, Web, 26 | P a g e mail-follow) or design (mail-only, Web-plus-mail) constant. Education was also found to be a significant predictor of item nonresponse. Compared to respondents with a high school degree or less, respondents with some college but no degree and respondents with some form of higher education degree had lower item nonresponse rates, again controlling for either mode or design.
In terms of question characteristics, we found that in at least two of the three experiments, question formats requiring more cognitive effort to answer -such as open-ended, screened, or multi-item questions -obtained higher item nonresponse rates than single-item, close-ended, or non-screened questions, even after controlling for either mode or design and question type. Compared to demographic questions, other factual questions also obtained significantly higher item nonresponse rates, holding other variables constant.
There are several important limitations of this study. First, alternative results may be obtained with different populations, in different locations, and/or with different methods. Based on these potential areas for variation, these results may be limited in their applicability to other Web and mail survey contexts. Second, our measure of data quality, item nonresponse, is also limited to exclude whether an answer was incorrect or invalid, not applicable (e.g. "Don"t know"), and, on open-ended questions, differences in length. These measures of data quality are important and may differ between designs and modes. Third, our combining of treatment groups in each experiment might mask some important differences based on whether respondents received an incentive, a Web instruction card, or a Priority Mail envelope.
In sum, Web and mail modes of data collection are likely to become even more prevalent in the future. Thus, it is important for survey researchers to more extensively consider potential differences in data quality based on mode and continue to identify the sources of these differences.
